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maybe 5-10 years out of university,
with some business experience as
well,” he adds.

The CIAis not just looking for spe-
cific disciplines, but, says Kerr, “the
flexibility of mind to do the things
that matter. Almost all our projects
are interdisciplinary, because you
may start with some fundamental un-
derstanding of how genetic sequenc-
ing is done, but if you try to embody
that in some form of sensor, you're
pretty quickly working with people

who are more skilled in some of the
engineering disciplines.”

“We need this continuous infusion of
fresh ideas and fresh thinking on our
problems, because it's easy to get used
to the old way of addressing a particu-
lar issue,” he adds. “We want to be
viewed as a place where scientists can
make an important contribution to so-
ciety and [where] they will be chal-
lenged in their discipline, as well as in
their lives, by coming to do it.”

Paul Guinnessy

Centers Strengthen Ties Between
Lab Experiments and Astrophysics

ommonalities between plasma be-

havior in lab experiments and as-
trophysical objects are what scientists
plan to explore and exploit with the
Center for Magnetic Self-Organiza-
tion in Laboratory and Astrophysical
Plasmas, while the nuclear reactions
that power stellar processes are the
focus of the Joint Institute for Nuclear
Astrophysics (JINA). NSF's two new-
est Physics Frontier Centers (see
PHYsIcs TobAY, November 2001, page
28) got started in the fall; each virtual
center brings together experimenters,
theorists, and computational scientists
from several institutions.

The magnetic self-organization
center has six interlinked themes: dy-
namo effects, magnetic reconnection,
angular momentum transport, anom-
alous ion heating, magnetic chaos and
transport, and magnetic helicity con-
servation. “It turns out that physicists
working in plasmas and astrophysics
puzzle over similar phenomena,” says
Stewart Prager, an experimental
plasma physicist at the University of
Wisconsin—Madison and the center’s
principal investigator.

Astrophysical conditions cannot be
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reproduced in the lab. But detailed
study of, say, dynamos or magnetic re-
connection could shed light on what
goes on out in the universe. For ex-
ample, says Masaaki Yamada, who
heads the Magnetic Reconnection Ex-
periment (MRX) at the Princeton
Plasma Physics Laboratory (PPPL),
“we create two plasmas and let them
merge. The magnetic field lines also
merge—they break up and reconnect.
During this process, the plasma is
heated and ions and electrons are ac-
celerated. It has elements that apply
to solar flares.”

“From lab experiments, we can get
a confirmation or lack of confirmation
of what is really going on. It’s the best
way to learn the
physics,” adds
Madison astro-
physicist Ellen
Zweibel.  “We
would like to
develop simula-
tions and theo-
retical extrapo-
lations as a way
of scaling the
results up and

creating a bridge to astrophysical
systems.”

The same is true for JINA, whose
scientists are pursuing two main lines
of inquiry: What is the origin of chem-
ical elements heavier than iron? And
how does matter behave at extreme
temperatures and densities? In both
cases, says JINA director Michael
Wiescher of the University of Notre
Dame, “the microphysics—the nu-
clear reactions—is the driver.”

Nucleosynthesis occurs deep in the
interior of stars, supernova shock
fronts, and cataclysmic binaries. By
coupling computational modeling and
spectroscopic observations of chemi-
cal abundances in astrophysical sys-
tems, the key nuclear reactions can be
identified—from among tens of thou-
sands—and then recreated and stud-
ied using accelerators, says Wiescher.

In probing behavior at extreme
conditions, JINA scientists will focus
on neutron stars and other compact
objects. Specifically, they'll look at
x-ray bursts, which occur when ac-
creted material explodes due to ther-
monuclear fusion reactions. X-ray
bursts “involve exotic nuclei that have
hardly been studied. We want to make
the link between the observations and
the properties of the overall system,”
says Hendrik Schatz of Michigan
State University. At the center’s dis-
posal are the rare isotope research fa-
cility at Michigan State and accelera-

The twisted magnetic field lines on the solar surface (left)
are a sign that energy is being deposited into the field.
Will a flare occur at this spot? Insights into astrophysical
processes and basic plasma behavior are the goals of the
new Center for Magnetic Self-Organization in Laboratory
and Astrophysical Plasmas. The NERO detector (above)
will be used at the various accelerator facilities of the
Joint Institute for Nuclear Astrophysics to study nuclear
decay processes such as those that occur in supernova
explosions and to explore stellar neutron sources.
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tors at Argonne National Laboratory
and Notre Dame.

NSF has awarded JINA $10 mil-
lion and the magnetic self-organiza-
tion center $11.25 million over five
years. JINA's founding members are
Notre Dame, Michigan State, and the
University of Chicago, which have
since formed strong ties with Ar-
gonne, the University of Arizona in
Tucson, and the Santa Barbara and
Santa Cruz campuses of the Univer-
sity of California.

The magnetic self-organization
center will use its NSF money—plus
$500 000 a year from the US Depart-
ment of Energy for the center's na-
tional lab participants, PPPL and
Lawrence Livermore National Labo-
ratory—mainly for hiring postdocs
and graduate students and facilitating
communication among center mem-
bers. In addition to Madison, Prince-
ton, and LLNL, the members are the
University of Chicago, Swarthmore
College, and the La Jolla, California,
branch of Science Applications Inter-
national Corp. Because of their strong
fusion programs, the four major ex-
periments involved—the MRX, Madi-
son Symmetric Torus, Swarthmore
Spheromak Experiment, and Sus-
tained Spheromak Physics Experi-
ment (at LLNL)—are on DOE's books.

Toni Feder

News Notes =

Cosmic Vision contracts. The Euro-
pean Space Agency announced in No-
vember that unexpected expenses have
forced it to cancel Eddington, a com-
bined planet-seeking and asteroseis-
mology mission, and scale back Bepi-
Colombo, a mission to Mercury with the
Japanese space agency JAXA.
Without Eddington, says the Nor-
wegian Space Centre's Bo Andersen, a
member of ESAs scientific program
committee, “we will not get an unbiased
number of the abundance of Earth-like
planets in our galaxy.” The asteroseis-
mology loss is even larger, he adds, be-
cause “we will not get the expected in-
crease—factors of 10 to 1000—in
accuracy of central parameters of stel-
lar evolution, age, element abun-
dances, [or] internal rotation of several
hundred thousand stars.” Eddington
was added in 2002 to ESA's Cosmic Vi-
sion, the agency’s space exploration
plans through 2012 (see PHYSICS
ToDAY, August 2002, page 24). Bepi-
Colombo will still fly, but will be de-
layed by about two years. More painful,
a planned lander has been scrapped,
reducing the mission to two orbiters.
Chief among the added costs that
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\| A | Gravity: An Introduction to Einstein’s
GRAVITY General Relativity

it s /by James B. Hattle
| © 2003 - ISBN 0-8053-8662°9
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Renowned relativist James B. Hartle’s “physics first”approach
provides a fluent and accessible introduction that uses a mini-
mum of new mathematics and a wealth of applications, making
[this fundamental theory accessible to all physics majors.

James B. Hartle \\“This is an excellent introduction to general relativity... It fills a real gap

GEOMETRY
s @ . ©2003 « ISBN 0-8053-8732-3

Carroll's accessible text leads graduate students from the physics
‘ of flat spacetime (special relativity) through differential geometry
and Einstein’s equations and on to black holes, gravitational
radiation, and cosmology.

N | imthe literature for an undergraduate or graduate student course book.”

| \ —Stephen Hawking,
\ University of Cambridge

g Spacetime and Geometry: An Introduction to

N General Relativity

:\\, by Sean Carroll
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Sean M. Carroll
“This book is'a.gem. .. Carroll gives a clear, well-motivated, and lively
development of general relativity.”
—Alan Guth,
Massachusetts Institute of Technology
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